F uel shortages, traffic congestion, deteriorating roads, and vehicular air pollution: A convergence of factors may usher the United States into a transportation crisis. This article proposes infrastructure changes to help traffic flow more smoothly and safely. These changes, by providing safe, less congested corridors for narrower vehicles, will be an incentive to own smaller vehicles, offering a real solution to traffic congestion and other concerns.
Legislation is needed to allow states to build, with federal matching funds, narrow urban freeways to carry urban commuter traffic. These "small-vehicle commuter lanes" (SVCLs) will only accept vehicles 67 inches wide or less. A bill is before Congress to fund dedicated truck lanes to separate trucks from other traffic. This article suggests dedicated small-vehicle lanes as a more efficient alternative.
The SVCL Concept
The Federal Aid Highway Act of 1956 required that the interstate highway system be built to carry military traffic. It also required a body of uniform specifications for building the interstate system. The uniform standard lane width is 12 feet, allowing a reduction to 11 feet in some instances. The requirements for uniformity and for military compatibility have meant that our interstate system has no narrow lanes built specifically for cars. This article challenges the concept that all urban highways must be sized to carry military traffic or other large vehicles.
The concept of narrow lanes for narrow cars is not new. Garrison and Pitstick (1991) proposed a way to analyze the benefits of lanes suitable for 4-foot-wide "lean vehicles." However, I propose designing the lanes for readily available subcompact cars (see Table 1 ). I also propose using radio frequency identifier (RFID) technology and converting existing reversible lanes into SVCLs. The RFID uses a small electronic transmitter, called a tag, to send data to a receiver. RFIDs are used on some toll roads, charging a toll to a vehicle while it is traveling at freeway speeds. On an SVCL, only vehicles with RFID tags (including buses and emergency vehicles) would be able to legally enter the SVCL.
Traffic-Related Problems
The SVCL may be the most practical near-term mitigation to many traffic-related problems. Traffic congestion may cost travelers almost $70 billion. There is also a huge environmental cost due to these travel delays. There were 5.7 billion gallons of fuel wasted in 2001 due to congestion (Lomax & Schrank, 2003, p. 17) . The SVCL will ease this problem by allowing more traffic lanes to be built in a given right-of-way width (see Figure 1) .
Also, studies have shown that our roads are not being adequately maintained and that the funding for roadway maintenance is not expanding rapidly enough to keep pace with road deterioration. Thirty-two percent of our major roads are in poor or mediocre condition (U.S. House of Representatives, 2004, see "National Infrastructure Needs") .
It is evident that the cost of maintaining and building our highway infrastructure is outpacing the revenues available to pay for this work. The proposals in this article offer the promise of reduced costs for maintaining and building this infrastructure.
Lastly, there is a growing consensus that we must do something to reduce our importation and consumption of oil. A Wall Street Journal article stated:
The Big Three auto makers, the United Auto Workers union and environmental activists are negotiating to try to come up with a joint proposal for what they have come to conclude is the most realistic way to improve the fuel economy of the U.S. automotive fleet: a big package of federal subsidies designed to seed a consumer market for vehicles that go further on a gallon of gas.
For the auto industry, an intensifying political battle over the fuel consumption of sport-utility vehicles has become a public-relations nightmare. For the union, the specter of a shift toward newer, more-efficient vehicles raises worries about job losses for its members.
For environmentalists, the realization is setting in that a severe toughening of the federal government's fuel-economy rule is a political nonstarter. Therefore, some of them are concluding, the only way to get substantial improvement in the fuel economy of the U.S. fleet is to spur market demand for more-efficient vehicles. (Ball, 2003) The SVCL will spur market demand for more-efficient vehicles. Furthermore, by reducing fuel consumption, the SVCL also reduces pollution, including generation of carbon dioxide. We should note that transportation-related emissions make up about one third of all U.S. carbon dioxide emissions (U.S. Department of Energy, 2003) .
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Infrastructure Change Is a More Efficient Solution
Changing infrastructure to the SVCL system is a more efficient way to mitigate traffic problems. Consider:
The SVCL will, at once, mitigate congestion, funding, and environmental concerns. Traditional measures attempt to solve these problems separately. For example, corporate average fleet efficiency (CAFÉ) standards will not add additional lanes to aid congestion, and building additional 12-foot lanes will not address fuel economy issues. The SVCL addresses each of these issues.
The traditional response to fuel economy concerns increases the CAFÉ standards. However more stringent CAFÉ standards have met resistance due to safety and economic concerns. 
SAFETY
Higher CAFÉ standards may cause safety concerns. A higher CAFÉ standard generally means smaller cars. A National Highway Traffic Safety Administration (NHTSA) study shows an increasing number of fatalities for occupants of small cars (Summers, Prasad, Hollowell, & Kuchar, 2001 ). This safety versus fuel economy conflict has stalled almost all progress in increasing CAFÉ standards. Indeed, in 1990, Senate Bill 279, which would have increased CAFÉ standards, was labeled "The highway fatality bill" by opponents (U.S. Congress Office of Technology Assessment, 1991, note 14). This bill never became law.
We should not expect small-vehicle ownership to increase until we protect small-car owners from collisions with larger vehicles. The SVCL protects small cars by separating them from large vehicles in commuter traffic.
ECONOMICS
Also, automakers and the United Auto Workers union complain about more stringent CAFÉ standards affecting the economic strength of U.S. carmakers (Power, 2003) . Relying on increasingly stringent CAFÉ standards forces automakers to make huge capital investments before a market for the product is assured. It is more reasonable to let the market develop first (i.e., consumer demand for efficient cars) and let capital investment follow. If we want to reduce fuel consumption, we should change market demand. The SVCL does this.
Also, current attempts to regulate fuel economy and vehicle emission require that authorities continually monitor vehicle manufacturers. The SVCL requires no monitoring to achieve its mitigation effects. Once the SVCLs are built, the market for smaller, more efficient cars is the monitoring factor.
Furthermore, infrastructure costs will be reduced because lighter vehicles cause less wear and tear on the roads.
SVCL Design
I propose federal legislation allowing states to build, with federal monies, uniform narrow lanes 8.5 or 9 feet wide for vehicles 67 inches wide or less (see Table 1 ). The most efficient design for the SVCL is probably using reversible lanes. These lanes are in urban areas where commuter traffic is heaviest. These lanes also require a distinct urban start point and end point as do SVCLs.
One design feature in these proposals that may require further research is the portion of the lane width devoted to lateral clearance between the vehicle and the lane edge or stripe. This clearance is needed on each side of the vehicle for normal tracking. Obviously, 12-foot lanes offer plenty of clearance, even for the average truck. It has been stated that at speeds greater than 35 miles per hour (mph), a 2-foot clearance is needed on each side of the car for normal tracking (Woods & Ross, 1983, p. 18) . However, this rule is not always followed. Buses and trucks can generally be 8.5 feet wide without a permit and thus have less than a 2-foot clearance on each side, even on 12-foot-wide roads.
The SVC lanes I propose offer less than 2 feet of lateral clearance (a 67-inch-wide car on an 8.5-foot lane has 17.5 inches of clearance on each side or 20.5 inches of clearance on a 9-foot lane). However, there is reason to believe that small vehicles can operate safely with less than 2 feet of clearance on each side.
The American Association of State Highway and Transportation Officials and the Federal Highway Administration will allow 11-foot-wide lanes in some instances, and 11-foot-wide freeway lanes exist in many states, including Washington, Georgia, and Texas (Curran, 1995) . Eight-and-a-half-foot-wide trucks and buses operating on these lanes have less than 1.5 foot of lateral clearance on each side of the vehicle. Thus, it is not unprecedented to expect vehicles to operate with less than 2 feet of lateral clearance.
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European nations are also experimenting with narrowed lanes. Highway A-27 in the Netherlands has narrow rush-hour lanes that open only during morning and afternoon rush hours. The third lane is realized by dividing the preexisting two lanes and an emergency lane. The rushhour lane (left-hand lane) is only 2.7 meters wide (approximately 8.86 feet), and rush-hour speed is restricted to 70 kilometers (km)/hour (hr) on all lanes. The non-rush hour speed is 100 km/hr for the two lanes. Trucks are allowed in the right-hand lane only (Schrijnen, 2001) . Because these lanes do not use RFID technology to classify traffic, a SVCL in which traffic is classified seems very workable.
Given current fiscal constraints, the SVCL is more likely to be tested and proved if it can be done by converting existing freeways. But this retrofit process, although relatively inexpensive, will present its own design problems. For example, the risk of an accident caused by a large vehicle mistakenly entering an SVCL is a great concern. An SVCL designed from the ground up can easily detect an oversize vehicle using RFID technology and divert the vehicle onto specially designed exit ramps. However, it may not be possible to retrofit a separate oversize vehicle exit (to direct oversize traffic away from the SVCL) for an existing freeway ramp. Therefore, retrofit projects require an innovative method for handling errant oversize traffic.
The solution to this problem should be coupled with the solution to another problem-buses. Buses can possibly use the SVCL but cannot use SVCL 8.5-foot-wide lanes.
My solution allows certain lanes to be 11 feet wide. These lanes will carry buses and errant oversize vehicles. Vehicles without tags are identified by the smart traffic systems, photographed, and guided to the 11-foot lanes. Repeat offenders could be ticketed.
In Figure 1 , buses and other large (prequalified) vehicles travel in the two outside lanes. However, many existing reversible lanes have entrances and exits to and/or from both outer lanes. The Seattle, Washington, I-5 reversible lanes, for example, run north and/or south and have ramps to and/or from both the east and west outer lanes. To convert these reversible lanes it would require bus-lane adjustment areas where a bus entering the east lane gets to the west lane if its exit is on the west lane, and vice versa.
In bus-lane adjustment areas all lanes are 11 feet wide, allowing buses to shift from lane to lane. Thus, reversible SVCLs beginning and/or ending in a city center would have all lanes in the city center area 11 feet wide to allow buses to shift to their exit lanes either as they are leaving the city, looking ahead to position themselves for the correct exit, or when the lanes are reversed, as they are entering the city and preparing to take the correct exit.
Complementary Infrastructure Changes PARKING AND FERRY SYSTEMS
The idea of creating parking spaces for small cars is also not new (see Garrison & Pitstick, 1991) . What is needed is a way to initiate the conversion of parking spaces. I propose that the process be initiated in government-owned parking structures. Federal, state, and city parking structures could be converted to be compatible with the SVCL. Also, ferry systems could haul more vehicles if they were SVCL compatible.
EXPANDING THE USE OF TECHNOLOGY
RFID technology can expand to control traffic in myriad ways. RFID receivers could be altered to allow entrance of large vehicles other than buses, but only at certain hours. The primary purpose of the SVCL is to ease congestion during rush hour. During non-rush hour there may be extra space on the SVCLs. The system could be programmed to allow delivery vehicles onto the SVCL oversize lane at certain times. The delivery vehicles and drivers would be prequalified, through special training, to use the SVCL before receiving an RFID tag. This would benefit congestion relief by encouraging deliveries at non-rush hour times.
